Quality characteristics of 30 commercial wheat flour samples from Czech industrial mills and 30 wheat flour samples prepared from wheat varieties cultivated in experimental fields (all from wheat harvest 2000) were analysed in detail including maturograph and spring oven (both from Brabender, Germany) as well as bread baking test (Czech method). Specific bread volumes of all flour samples were compared with the bread volumes determined by the oven spring test. The correlation analysis which expressed the relations between wheat flour rheological characteristics and the bread volume is reported. The maturograph parameters correlate significantly with the specific bread volume and the final volume obtained by means of oven spring. All the correlations with the baking test values are high. Both instruments used are suitable for the prediction of the flour baking quality.
Wheat flour is able to form cohesive dough with viscoelastic properties. Wheat flour dough is able to retain gas which is essential for the production of bakery products with light texture (H������ & R����� 1993) . The factor responsible for the dough formation and the ability to retain gas is gluten proteins. Dough mixing, fermentation and handling affect gluten development which influences the rheological properties of dough.
Rheological characteristics such as elasticity, viscosity and extensibility are important in predicting the technological quality of dough and that of final products. The rheological characteristics change throughout the breadmaking process and are difficult to measure in definitive terms (C����������� & P������� 1993) . Some of the problems connected with the determination of the rheological properties of fermented dough are due to continual changes in the system geometry and density. Yeast is important not only for the gas production but also for the changes in the rheological properties of dough. The deformation of dough during fermentation is three-dimensional, so its viscosity and elasticity change continually (H������ et al. 1979) .
For many years, most rheologists have been studying flour-water systems instead of yeasted doughs. This approach assumes that the simplified systems can provide an insight into the flour behaviour in a dough system. The physical doughtesting instruments are useful but not satisfactory for the prediction of the breadmaking behaviour because the rates and degrees of deformation in tests are much more rapid and higher than those during fermentation and baking rise of the dough systems. The tests designed in accordance with the actual dough processes would take as much time as bread baking tests and would not be suitable for routine laboratory analyses (B������ 1990) . There are also too many changes in yeasted dough during fermentation and baking to be accurately tracked. Rheological changes during fermentation affect the machinability and ultimately the quality of the final baked product. These changes are evident but have proven difficult to be studied by fundamental rheological tests. The rheological behaviour of yeasted dough is complicated and the results obtained under the conditions of the method do not necessarily hold true for the actual conditions of fermentation and proofing. The tests by farinograph or extensigraph are useful but only the bread baking test provides a high degree of prediction. As the baking test requires a lot of time and equipment to be performed and as the interpretation of the results is partly subjective, a realiable test capable to predict the baking quality and rheological characteristics of dough is desired (C������ & D� L��� 2000) .
There are several important phases during the processing of yeasted dough. One of these phases is the proofing of shaped bakery products. Physical mechanical properties of the dough and their dynamic changes in this technological operation show how the previous processes (such as dough preparation and fermentation) have been influenced by the properties of materials used, above all flour and yeast.
Maturograph (Brabender, Germany) is used for the determination of the optimum of the rising time, the tolerance of the final proofing time, and the dough resistance against mechanical strain. There are no international standards for the tests of the quality of wheat flour by maturograph as there are for the tests by means of farinograph and extensigraph, and so many workers use modified procedures for particular reasons. During the wheat flour test by maturograph, the properties of dough are evaluated after a certain rising time.The dough examined can be prepared from wheat flour and the usual baking components by the same way that is usual for the bread baking test.
The oven spring apparatus (Brabender, Germany) is used for the volume determination of the optimal proofing loaf (according to the maturograph results) and its changes during baking in oil bath with temperature increasing from 30°C to 100°C. Similary as for the maturograph test, there exist no international standards for the testing of the quality of wheat flour by the oven spring apparatus.
The laboratory maturograph and oven spring test use farinograph for the preparation of the dough because the dough prepared in this way has always two important parameters pre-determined, i.e. the dough consistency and the dough temperature, both of them highly influencing the running processes during the proofing time. The proofing time needed for the largest volume of the final product is influenced by the formula and the quality of yeast and of flour. If during the maturograph and oven spring tests of several wheat flour samples the same components are used and the processes of the dough preparation (rising and handling) are standardised, the differences in the parameters of the curves obtained by maturograph and oven spring apparatus can be explained by different properties of the flours tested (S����� 1981) .
The objective of this study was to determine the properties of various flours samples by maturograph and the oven spring apparatus according to the proposed procedure (Brabender Instruction Manual Nr. 8701). Doughs were prepared by the standardised processes designed for the baking test. Simultaneously the samples were tested by a standard bread baking test. The relationships between the maturograph and the oven spring characteristics and the loaf volume in the baking test were also evaluated. 
MATERIALS AND METHODS

Two
Quality of wheat flour
Wheat flour quality characteristics are described by the following parameters (Table 1) 
Dough preparation
Dough samples were prepared by farinograph with the constant consistency of 600 BU.
The composition was: wheat flour (100%), compressed yeast (4%), salt (1.7%), sugar (1.5%), fat (1%) and water needed for the standard dough consistency of 600 BU.
The mixing time ranged between 3.5-5.0 minutes depending on the dough development and stability, dough temperature was 30°C.
Maturograph test
The piece of dough tested (155 g) was placed immediately in the fermentation cabinet of maturograph (temperature 30°C, relative humidity 95%) for a period of 45 minutes. After 20, resp. 10 min from the beginning, the dough was remixed in a special maturograph rolling device. Then the dough weight was adjusted to 150 g and after the final handling the piece of dough was placed into the measuring container of maturograph.
Maturograph records the fermentation behaviour of dough in relation to the proofing time by means of a sensing probe which touches the dough periodically (2 min).
The resulting zigzag curve -maturogram -characterises the increase of the dough volume and its rheological properties during the proofing time. Four characteristics can be measured: -final proofing time-is the time in minutes from the start of the final proof to the first drop of the curve after the maximum, -proofing stability-is evaluated in minutes with a stencil in the range of the curve maximum, -elasticity-is the band width in the range of the maximum peaks expressed in maturograph units (MU), -dough level-is the value in MU from the zero line to the maximum peak of the curve.
Oven spring test
The test piece of dough (53 g) was immediately placed in the fermentation cabinet of maturograph (temperature 30°C, relative humidity 95%) for a 45-minute rest. The dough weight was then adjusted to 50 g and, after the final rolling, the loaf of dough was inserted into the measured basket. The next proofing time in the fermentation chamber of maturograph depended on the optimum period derived from the maturograph curve which was measured simultaneously. Subsequently, the piece of dough was placed into the oven spring oil bath at temperature of 30°C and the actual measurement started. The oil temperature increased continuously to 100°C within twenty two minutes and the dough volume increased. Then the weight of the basket with dough was marked on registered paper. The resulting curve -oven spring record -characterises the increase of the dough volume to oil baked loaf of bread. The difference between the starting and the final point of the curve expresses the swelling of the dough during the oil baking period. Three parameters can be measured: -dough volume-is the height in oven units (OU) of the curve at the beginning of the test, -bread (baking) volume-is the height in OU of the curve at the end of the test, -oven rise-is the differences between the final volume and the dough volume (OU).
Baking test
The dough prepared in farinograph for the maturograph and the oven spring tests was also used for the standard baking test. The dough sample (250-260 g) was allowed to rest at 30°C for 50 min (relative humidity 95%) and than it was divided into three 70 g pieces. The pieces were moulded by hand, placed on a baking tray, and proofed for 45 min under the same conditions as above. Then they were baked at 240°C for 14 min in the oven with steam being introduced during the first 30 s.
The final products were cooled for two hours at room temperature and then the weight, the volume, and the shape of bread were evaluated. The volume was measured by means of mustard seed displacing and was expressed as the specific volume of 100 g of the product. The shape of bread was expressed as the ratio of the height to the diameter of the product.
The expression of the results
The rheological quality of wheat flour and the results of the baking test are presented by means of average values, minimum and maximum values, and by standard deviation and variation coefficients for each set.
The maturograph curves are characterised by the final proofing time, dough level, dough elasticity, and proofing stability. The oven spring curves are described by the initial dough volume, the final bread volume, and the swelling (or increase) volume.
The relations between the maturograph and oven spring characteristics and the end product quality parameters are expressed for the whole set of 60 samples by means of correlation analysis.
RESULTS AND DISCUSSION
The quality parameters of the wheat flours tested are presented in Table 1 . The range of the parameters reveals differences in the quality of the flour samples (protein 10.5-16.3%, Zeleny sedimentation value 28-53 ml). Samples of the variety flours have a wider range of the quality parameters. The average values of the parameters controlled correspond to the standard quality of fine wheat flour.
The evaluation of the maturograms of the commercial and the variety flour samples is given in Table 2 . The proofing time (the optimum time for reaching the maximum volume of the end product) lies in a wide range -for the commercial flour samples 28-50 min; for the variety flour samples 28-52 min. The dough level expresses the resistance of the dough against biochemical changes and the mechanical stress during proofing. The dough level for the commercial flour samples was higher The evaluation of the oven spring curves of the commercial and the variety flour samples is summarised in Table 3 . The dough volume lay in wide ranges for both sets of the flour samples, higher values having been found in the commercial set (230-470 MJ). The bread volume changed in the same relation -for the variety flours in the range of 360-600 MJ, and in the range of 430-720 MJ for the commercial samples. The increase of the volume as expressed by the differences between the dough and bread volumes after the oil baking period changed in a wide range in both sets of samples. Table 4 gives the average results of the baking tests expressed by the specific volume of 100 g product and the bread shape characterised by the ratio of the height to the diameter of the final product. Figures 1 and 2 show the comparison of the specific volumes of bread as obtained by the standard baking test and by oil baking in the oven spring apparatus. The differences of the specific volumes of the flour samples depended on their technological quality and ranged from 50 to 70 cm 3 . The evaluation of the wheat flour quality by means of baking in the oven spring apparatus was similar to that of the baking test carried out with the optimal proofing time. In the case of the variety flours, a worse correlation was found between both results of the baking proofs.
Relationships between the quality parameters of wheat flours
The statistically important relations between the quality parameters of both sets (60 flour samples) were investigated by correlation analysis. From Table 4 it is obvious that the maturograph parameters, i.e. the optimal proofing time, dough level and dough elasticity, were mutually dependent on the significant level of 99%. These maturograph characteristics also correlated also significantly with the specific bread volume. The statistically important relations between the maturograph parameters with the exception of the dough stability, and the final bread volume as obtained by means of the oven spring were also proved in the two sets followed.
The specific bread volume correlated significantly with the optimal proofing time, the dough level, and the bread volume as obtained by the oven spring tests. The dependence of the specific volumes of bread and the increase of the dough volume during oven spring oil baking was not proved. The relations between the final proofing time, the dough level, and the shape of bread was found to be statistically most important. 
Conclusion
The maturograph and oven spring test contribute to the comprehensive evaluation of wheat flour quality by means of Brabender rheological devices providing a detailed description of the behaviour of the fermented dough during the final proofing time and special baking in the oil bath.
Wheat flours made both in industrial mills from commercial wheat and in a laboratory mill from wheat varieties obtained by selective cultivation differed in their maturograph and oven spring behaviour. Similarly, the final bakery products obtained from these samples revealed different values of the bread specific volume in standard baking tests. These differences can be explained on the ground of the respective amounts and qualities of flour proteins which have an important effect on the results of the fermenting and the baking tests. It is obvious that maturograph and oven spring are able to differentiate flours of different baking quality.
Optimal final proofing time results in increasing the specific volume of final bakery products in the dependence of technological flour quality and it was also proved by oil baking test. Maturograph parameters, with the exception of the dough stability, correlate with the bread specific volume and the final oven spring bread volume. These results are in agreement with the previous studies of S����� (1981) .
The use of maturograph and oven spring apparatus will be suitable for observing the effect of various bakery improving agents on the changes in fermented dough technological characteristics in relation to the wheat flour quality and the volume of the final product.
